A new method of estimating deoxyribonucleic acid homology is presented and used to measure the homology between bacterial plasmids of different compatibility groups. Deoxyribonucleic acid of the P-group plasmid RP1, originally isolated in Pseudomonas aeruginosa, has considerable (50%) homology with an N-group plasmid of the Enterobacteriaceae.
The R factors of the Enterobacteriaceae have been classified into several main groups by compatibility studies (2) . The coexistence of R factors of different groups in the same cell does not necessarily mean that the two R factors have deoxyribonucleic acid (DNA) with completely different sequences, only that the gene products of each R factor do not interfere to prevent replication of the other R factor. The rapid emergence of different groups of R factors could be due simply to the loss or mutation of a small number of genes. The technique of DNA-DNA hybridization is used to test the similarity (homology) of the DNA sequences of representatives of the main groups of R factors. Table 1 . R6K was obtained from R. C. Clowes (University of Texas, Dallas); 390, 57b, and Sa were from T. Foster (University of Bristol); other plasmids are from the collection of this laboratory. The host organism was Escherichia coli strain J5-3 (methionine and proline requiring) or 1005 (which requires methionine and thymine). Pseudomonas aeruginosa strain Ps18S(l) was obtained from N. Curtis of this laboratory.
MATERIALS AND METHODS R factors are listed in
Materials and Media. Nitrocellulose filters type HA were from the Millipore Corp. (Bedford, Mass.), and rifampin was kindly given by F. Knuisel of CIBA, Basel, Switzerland. SSC buffer is 0.15 M NaCi-0.015 M trisodium citrate, pH 7.0; other materials and all media were as previously described (5) .
Isolation of R-factor CCC DNA. Cultures of E. coli growing exponentially in minimal medium supplemented with L-methionine (20 mg/ml) and L-proline (20 Ag/ml) or thymine (1 gug/ml), as necessary, were labeled with 3H-thymidine (100 ,Ci at 5 Ci/ mmol) or with 14C-thymidine (30 jCi at 62 mCi/ mmol) as described previously (5 Escherichia coli R-or E. coli R+ (corresponding to each of the 2 labeled CCC DNA preparations), were placed in each vial, and the vials were incubated at 65 C for 16 h. At the end of this period, the filters were removed, stapled to a rubber sheet, and washed by agitation in three changes of SSC buffer. The filters were dried, and the amount of 3H and 14C bound to each filter was determined in a liquid scintillation counter. The radioactivity which bound to the Rfilter was subtracted from that which bound to the two R+ filters. 
Note that a graph of 1/(R. + 1) versus 1/(Rb + 1) will have slope -M.Mb and intercepts a and # (Fig. 1) .
It is not necessary to have known quantities of DNA on the filters (P and Q are eliminated in the theory), nor is it necessary to know the specific activities of the labeled R-factor DNA preparations.
Kinetics of reaction and controls. DNA filters containing 20 ug of DNA from strain 1005(390) were incubated with a 3H-labeled 390 DNA preparation. After 16 h the filters were cut in half; one half was counted and the other half was incubated for a further Leaching of filter-bound DNA before hybridization was observed by using labeled total bacterial DNA fixed to nitrocellulose filters and incubated in buffer at 65 C for 16 h. Up to 50% of the DNA on the filters could be lost, but this was reduced to less than 10% by repeating the filter drying method described by Denhardt (4). The quantity of DNA bound to the filters is not, however, required for the calculation, although much leaching could give rise to appreciable hybridization in solution, which introduces another term into the calculation.
Concentration dependence of the hybridization reaction was tested in the complete hybridization system described above. 3H-labeled 390 DNA and "4C-labeled RP1 DNA were allowed to hybridize for 16 h with a filter carrying DNA from strain 1005(390) and with a filter carrying DNA from strain 1005(RP1). The reciprocal hybridization experiment described in the methods section was not subject to those problems and was tested by measuring the degree of homology of the P-group plasmid RP1 and the N-group plasmid 390. Preliminary experiments using single DNA filters gave a value of 0.50 for the degree of homology (a) Table 2 presented graphically as described in Fig. 1 with 390 as plasmid A and RPJ as plasmid B. ries of pairs of values (R., Rb) for the ratio of binding of the two plasmids to two DNA filters calculated as described above. DNA filters containing 10, 20, or 30 ,g of 1005(390) DNA and 1005(RP1) DNA were used to obtain different ratios of DNA on the filters and hence different values of R. and Rb ( Table 2 ). The average value from these experiments for a, the fraction of Table 3 . NT, Not tested.
bGroup. Fig. 2 .
The method was extended to the hybridization of the plasmid 390 to other R factors, and the experimental results and calculations are shown in detail in Table 3 . These results showed that 390 (an N-group plasmid) was appreciably homologous with DNA for Rl (F group), RP1 (P group), and 57b (C group). From this it is probable that Ri, RP1, and 57b will also hybridize with one another. Table 4 shows the amount of homologous DNA for most of the possible pairs of plasmids in this study. The four plasmids of the N, P, C, and F group are shown to have at least 107 daltons of DNA of homologous DNA. The other plasmids used in this study are neither homologous to one another nor to this group of plasmids.
Plasmids within a compatibility group might be expected to be homologous and this is the case for the three plasmids of the P group shown in Table 5 .
Intergeneric transfer. Plasmids of the P group and C group are known to transfer to Pseudomonas aeruginosa (3, 6) , and if plasmids of the F and C group are related to the P and C group they may also transfer. A tetracycline- (6) to show that plasmids of the F and I groups have considerable homology within their groups and that there is a much smaller degree of homology between the two groups. This report extends these findings to plasmids of other groups and suggests that plasmids of compatibility groups N, P, C, and F are more closely related to one another than are other groups of plasmids. This may mean that these plasmids share a common origin or that recombination between different plasmids (13) has resulted in considerable exchange of genetic material.
